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1
POLY(PHENYLENE)-BASED ANION
EXCHANGE POLYMERS AND METHODS
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Application No. 62/274,592, filed Jan. 4, 2016, which is
hereby incorporated by reference in its entirety.

STATEMENT OF GOVERNMENT INTEREST

This invention was made with Government support under
contract no. DE-AC52-06NA25396 awarded by the U.S.
Department of Energy to Los Alamos National Security,
LLC, as well as under contract no. DE-AC04-94AL.85000
awarded by the U.S. Department of Energy to Sandia
Corporation. The Government has certain rights in the
invention.

FIELD OF THE INVENTION

The present invention relates to anionic exchange poly-
mers including a poly(phenylene) structure. The structure
can include any useful cationic moiety (e.g., any described
herein). Methods and uses of such structures and polymers
are also provided.

BACKGROUND OF THE INVENTION

Polymer electrolyte membrane fuel cell systems can
employ any useful membrane to effectively conduct protons
or anions. In particular, anion exchange membrane-based
fuel cells (AEMFCs) have been garnering interest, due in
part to possible use of less expensive catalysts while main-
taining or improving electrochemical kinetics. Within the
fuel cell, the anion exchange membrane is generally com-

posed of a polymer having a functional group (e.g., a 40

cationic group) capable of binding to anionic carriers (e.g.,
hydroxide or carbonate anions). Ideally, such a polymer
should be capable of having both high anion conductivity
and high chemical stability. Design and synthesis of such
polymers can be challenging. Accordingly, there is a need
for additional polymer structures having such desired chemi-
cal characteristics, as well as methods for making and using
such polymers.

SUMMARY OF THE INVENTION

The present invention relates to polymer compounds and
compositions having a poly(phenylene) structure in combi-
nation with one or more cationic moieties. In particular
non-limiting embodiments, the cationic moieties are reso-
nance stabilized, thereby providing enhanced stability, even
under high pH conditions. Furthermore, the polymeric back-
bone includes a poly(phenylene) structure that imparts dura-
bility to the polymer. In this way, the polymer compounds of
the invention include a combination of a durable backbone
and a stabilized cationic moiety in order to improve pH-
stability, anionic conductivity, and/or solubility.

Accordingly, in one aspect, the present invention features
a composition (e.g., a molecule, a monomer, a polymer, an
article, etc.) including the formula (II), having the formula
(II), or including a structure having the formula (II):

an

A

10

15

R4,

20

or a salt thereof or a form thereof including a counter ion. In
some embodiments, the counter ion of the cationic moiety is
hydroxide or an anionic salt, such as a chloride or a bromide.

55 In particular embodiments, the structure includes a formula
(I1A), (Ila)-(IIx), (II-1) to (II-13), or a salt thereof.

In some embodiments, each R is independently, a cat-
ionic moiety (e.g., any described herein). In other embodi-
ments, the cationic moiety includes an optionally substituted

30 aryl, optionally substituted alkaryl, optionally substituted
arylalkoxy, optionally substituted aryloxy, optionally sub-
stituted aryloxycarbonyl, optionally substituted aryloyl,
optionally substituted arylcarbonylalkyl, optionally substi-
tuted arylsulfonyl, or optionally substituted arylsulfonylal-
kyl. In other embodiments, each and every R* includes a
cationic moiety, which in turn includes an optionally sub-
stituted aryl group. In yet other embodiments, each R*
includes one or more cationic functionalities R*! (e.g., any
described herein).

In some embodiments, R? is -L*-Ar. In one instance, Ar?
is an optionally substituted aryl (e.g., substituted with one or
more cationic functionalities, such as any described herein)
and L is a linker (e.g., any herein). In another instance, Ar®
is further substituted with one or more substituents selected
from the group consisting of halo, cyano, optionally substi-
tuted haloalkyl, optionally substituted perfluoroalkyl,
optionally substituted nitroalkyl, and optionally substituted
alkyl.

In other embodiments, R is

35

50
—\_ (R4, or ey
_LA /
N \ )
(R4)q
_/LAI_RAl)ala (11_2)
Sy
\ | /
(R4)q

o

5 or a salt thereof or a form thereof including a counter ion. In
some embodiments, each L# and L' is any linker described
herein (e.g., described for L). In other embodiments, each



US 10,053,535 B2

3

R* is, independently, H, halo, cyano, optionally substituted
C, _;, alkyl, optionally substituted C, , , haloalkyl, optionally
substituted C, _, , perfluoroalkyl, optionally substituted C,_,,
heteroalkyl, R®, R”, RS, or R”. In yet other embodiments,
each R*! is, independently, a cationic functionality (e.g., any
herein); each q is, independently, an integer of from 1 to 5;
and/or each al is, independently, an integer of from 1 to 5.

In some embodiments, each R' and R? is, independently,
H, halo, cyano, optionally substituted C, , , alkyl, optionally
substituted C,_, , haloalkyl, optionally substituted C,_, , per-
fluoroalkyl, optionally substituted C,_,, heteroalkyl, R®, R,
RE, or R”, where R is an acidic moiety including a sulfonyl
group, R is an acidic moiety including a phosphoryl group,
R€ is an acidic moiety including a carbonyl group, and R¥
is an electron-withdrawing moiety; each Ar” is, indepen-
dently, a bivalent linker including optionally substituted
arylene; each Ar™ is, independently, a bivalent linker includ-
ing optionally substituted arylene; each q is, independently,
an integer of from 0 to 5; each a is, independently, an integer
of from 0 to 5, wherein at least one a is not 0; and m is an
integer of from about 1 to 1000 (e.g., from 1 to 500). In
further embodiments, at least one R* or Ar* in formula (II)
includes R%, R®, R”, RS, or R In some embodiments, q for
R is 1. In other embodiments, at least one R# includes an
optionally substituted aryl group. In some embodiments, a
for Ar* is an integer of from O to 5; and/or a for all other aryl
groups is an integer of from 1 to 5. In some embodiments,
each and every R? is, independently, R%, R®, R, R, or R”.

In some embodiments, the composition includes a struc-
ture having any one of formulas (Ilk) to (Ilp) or (IIA), or a
salt thereof or a form thereof including a counter ion. In
other embodiments, each Ar? is, independently, an option-
ally substituted aryl group including one or more cationic
moieties or cationic functionalities (e.g., any described
herein) and L is a linker (e.g., any described herein).

In some embodiments, the composition includes a struc-
ture having any one of formulas (IIq) to (IIx), or a salt
thereof or a form thereof including a counter ion. In some
embodiments, the composition includes a structure having
any one of formulas (II-1) to (1I-10), or a salt thereof or a
form thereof including a counter ion. In some embodiments,
each R*! is, independently, a cationic moiety; each L and
L4 is, independently, a linker (e.g., any described herein);
and each al is, independently, an integer of from 0 to 5,
where at least one al is not 0. In some embodiments, each
R* and R*?, if present, is, independently, H, halo, cyano,
nitro, nitroso, azido, sulfo, carboxyaldehyde, carboxyl,
hydroxyl, amino, amidino, amido, thioamido, optionally
substituted C, ,, alkyl, optionally substituted C, |,
haloalkyl, optionally substituted C,,, perfluoroalkyl,
optionally substituted C,_,, heteroalkyl, optionally substi-
tuted C,_,, alkoxy, R®, R”, R, or RY.

In some embodiments, the composition includes a struc-
ture having any one of formulas (II-11) to (II-13), or a salt
thereof or a form thereof including a counter ion. In some
embodiment, each R” is, independently, H, halo, cyano,
nitro, nitroso, azido, sulfo, carboxyaldehyde, carboxyl,
hydroxyl, amino, amidino, amido, thioamido, dithiocar-
boxyamino, optionally substituted C, ;, alkyl, optionally
substituted C;_;, cycloalkyl, optionally substituted C,_;,
alkanoyl, optionally substituted C, ,, alkoxy, optionally
substituted heterocyclyl, optionally substituted C, ;5 aryl,
optionally substituted C,_, alk-C,_,, aryl, or optionally sub-
stituted C,_, 5 aryloxy; and each B and X is, independently,
an anionic moiety (e.g., halide, hydroxide, etc.).

In another aspect, the present invention features a com-
position (e.g., a molecule, a monomer, a polymer, an article,

20

25

30

35

40

45

50

55

60

65

4

etc.) including the formula (III), having the formula (III), or
including a structure having the formula (III):

(I

or a salt thereof or a form thereof including a counter ion. In
some embodiments, each of R%, RY, R?, Arf, Ar™, q, a, m,
L', and R” is, independently, any described herein. In some
embodiments, each R” is, independently, an electrophilic
reactive end group (e.g., any herein, such as optionally
substituted Cs_;5 or C,_;, aryloyl or optionally substituted
C, 5 or Cg ;5 aryl). In some embodiments, the composition
includes a structure having the formula (IIla) to (IIId) or a
salt thereof.

In yet another aspect, the present invention features a
composition (e.g., a molecule, a monomer, a polymer, an
article, etc.) including the formula (IV), having the formula
(IV), or including a structure having the formula (IV):

av)

\Y
|
(RD),

or a salt thereof or a form thereof including a counter ion. In
some embodiments, each of R%, RY, R?, Arf, Ar™, q, a, m,
n, [, and Ar* is, independently, any described herein. In
some embodiments, each of m and n is, independently, an
integer of from about 1 to 1000; L is a linking segment (e.g.,
such as any linker described herein); and Ar* is a hydro-
phobic segment. In further embodiments, at least one R* or
Ar* in formula (IV) includes R4, R®, R”, R, or RY"

In yet another aspect, the present invention features a
composition (e.g., a molecule, a monomer, a polymer, an
article, etc.) including the formula (V), having the formula
(V), or including a structure having the formula (V):
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®4Y, ®Y),

V)

reactive L—F Ar* -]n— REL
end group — —
R / linking  second  reactive
R, \=|— n Segment segment end group
R,

-

first segment

or a salt thereof or a form thereof including a counter ion. In
some embodiments, each of R%, R!, R, R%, Ar-, Ar™, q, a,
m, n, [, and Ar* is, independently, any described herein. In
some embodiments, each of m and n is, independently, an
integer of from about 1 to 1000; L is a linking segment (e.g.,
such as any linker described herein); and Ar* is a hydro-
phobic segment. In further embodiments, at least one R* or
Ar* in formula (V) includes R4, R®, R”, R, or R"

In some embodiments, formula (V) includes a structure of
formula (Va):

30

®Y, R’

e
reactive (RA)a
end group

-

first segment

55
or a salt thereof or a form thereof including a counter ion. In

some embodiments, each of R*, R, R', R®, Arf, Ar, q, a,
h, m, n, [, and Ar* is, independently, any described herein.
In some embodiments, each of m and n is, independently, an
integer of from about 1 to 1000; L is a linking segment; and
Ar* is a hydrophobic segment. In further embodiments, at
least one R* or Ar* in formula (Va) includes R4, R¥, R®, R,
R, or R”.

In any embodiment herein, R® is —SO,—OH, —SO,— 65
RS, 7RSA78027R51’ 78027RAV, 7RSA78027RAV,
—SO,NRMRM, —NR)—S0,—R*, —SO,—NRM —

60

R*?, or —SO,—NR™_—S0O,—R* (e.g., where each of R,
R, R*, R, R™, R™, and R? is any described herein).

In any embodiment herein, R< is —CO,H, —C(O)—R“",
or —R““—C(0)—R** (e.g., where each of R** and R“* is
any described herein).

In any embodiment herein, R” is —P(0)(OH),, —O—PO

(OH),, —P(O)HR™, —P(O)<RZ'R72, — P(O)<RYR*?,
— P(O)<R*RY", —R”_PO)<R”'R??, —R™_ P(O)<
RAerz, 7RPA7P (O) <RAVRAV, —_O—P (O) <RP1RP2,

—O—P(O)<R*R"?, or —O—P(0)<R*¥R*" (e.g., where

(Va)

AL
Hy
linking  second 7 (R on

» Segment segment
reactlve
end group

each of R”!, R”?, R*", and R™ is any described herein, and
where each R*” can be the same or different).

In any embodiment herein, R¥ is H, optionally substituted
C,_,, alkyl, optionally substituted C, _, , haloalkyl, optionally
substituted C,_, , perfluoroalkyl, optionally substituted C,_,,
heteroalkyl, halo, optionally substituted C, ,, perfluoro-
alkyl, optionally substituted aryl, optionally substituted
alkaryl, optionally substituted arylalkoxy, optionally substi-
tuted aryloxy, optionally substituted aryloxycarbonyl,
optionally substituted aryloyl, optionally substituted aryl-
carbonylalkyl, optionally substituted arylsulfonyl, or option-
ally substituted arylsulfonylalkyl. In some embodiments, R”
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is -L#-Ar”. In other embodiments, R” is -LZ-Ak”. In one
instance, Ar” is an optionally substituted aryl (e.g., substi-
tuted with one or more substituents selected from the group
of halo, cyano, optionally substituted haloalkyl, optionally
substituted perfluoroalkyl, optionally substituted nitroalkyl,
and optionally substituted alkyl). In another instance, Ak is
an optionally substituted alkyl or optionally substituted
heteroalkyl (e.g., substituted with one or more substituents
selected from the group of halo, cyano, optionally substi-
tuted haloalkyl, optionally substituted perfluoroalkyl,
optionally substituted nitroalkyl, and optionally substituted
alkyl).

In any embodiment herein, R is optionally substituted
Cs ;o or C,;; aryloyl, optionally substituted C, , or Cy 4
aryl, carboxyaldehyde, optionally substituted C,_, alkanoyl,
optionally substituted C, ;, alkyl, optionally substituted
C, _;, haloalkyl, optionally substituted C,_, alkoxycarbonyl,
nitro, nitroso, cyano, sulfo, carboxyl, and quaternary ammo-
nium (e.g., any described herein). In other embodiments, R”
includes or is substituted by perfluoroalkyl (e.g., C, ,
perfluoroalkyl).

In any embodiment herein, the linker (e.g., L* or L4! or
L or L' or L) is a covalent bond, carbonyl (—C(0)—), oxy
(—O—), thio (—S—), azo (—N=—N—), phosphonoyl (—P
(O)H—), phosphoryl (—P(O)<), sulfonyl (—S(O),—),
sulfinyl (—S(O)—), sulfonamide, imino (—NH—), imine
(e.g., —CR*—=N—, where R*! is H or optionally substi-
tuted alkyl), phosphine (e.g., —PR**— group, where R%? is
H or optionally substituted alkyl), nitrilo (e.g., —NR**—,
where R™® is H, optionally substituted alkyl, optionally
substituted haloalkyl, optionally substituted alkoxy, option-
ally substituted alkaryl, optionally substituted aryl, or halo),
optionally substituted C,_,, alkylene, optionally substituted
C,_;, alkyleneoxy, optionally substituted C,_,, heteroalky-
lene, optionally substituted C, ,, heteroalkyleneoxy, option-
ally substituted C,_, 5 arylene, or optionally substituted C,_ 5

aryleneoxy (e.g, —(CR*'R*?),—, —C(O)NR®*—
—NRL3C(O)—, —SOzNRB—, —NR*? SO,—,
—(CRUR™),,C(0)(CRFRD), ,—, —(CRFRE),
SOz—(CRL1 RLz) o> —(CRL1 RLz) La—C(O)NRB—
(CRLlRLz)Lb—, 7(CRL1RL2)LG7NRL3C(O)7(CRL1
RLz)Lb*s *(CRL ! RLz)LafsozNRLsf(CRL ! RLz)Lb*s or

—(CRMR™?), —NR**S0O,—(CR*'R*?),,—, where each
of R™, R™?, and R*? is, independently, H, halo, optionally
substituted C,_,, alkyl, optionally substituted C, ,,
haloalkyl, optionally substituted C, ;, alkoxy, optionally
substituted C,_, 5 aryl, or optionally substituted C, 4 alk-C,_
18 aryl; and where each of La and Lb is, independently, an
integer of from 0 to 10, wherein at least one of La or Lb is
not 0). In some embodiments, the linker (e.g., for L")
includes an optionally substituted polyphenylene or a struc-
ture of formula (II). In yet other embodiments, L. or L
includes a structure of formula (II) and Ar* (e.g., any
subunits described herein for Ar*).

In any embodiment herein, Ar* or L or L' includes a
structure of formula (II), a sulfone subunit, an arylene
sulfone subunit, an ether sulfone subunit, an arylene ether
subunit, a perfluoroalkyl subunit, or a perfluoroalkoxy sub-
unit.

In any embodiment herein, each of Ar*, Ar™, and Ar* is
optionally substituted phenylene, optionally substituted
naphthylene, optionally substituted phenanthrylene, a sul-
fone subunit, an arylene sulfone subunit, an ether sulfone
subunit, an arylene ether subunit, a perfluoroalkyl subunit, a
perfluoroalkoxy subunit, or any described herein (e.g., any
aryl group described herein). In further embodiments, the
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8
optional substitution is R#, R¥, R®, R”, R, R or a label
(e.g., fluorine or another NMR detectable label).
In any embodiment herein, m is less than n. In some
embodiments, m is greater than n.

Definitions

As used herein, the term “about” means+/-10% of any
recited value. As used herein, this term modifies any recited
value, range of values, or endpoints of one or more ranges.

The term “acyl,” or “alkanoyl,” as used interchangeably
herein, represent an alkyl group, as defined herein, or
hydrogen attached to the parent molecular group through a
carbonyl group, as defined herein. This group is exemplified
by formyl, acetyl, propionyl, butanoyl, and the like. The
alkanoyl group can be substituted or unsubstituted. For
example, the alkanoyl group can be substituted with one or
more substitution groups, as described herein for alkyl. In
some embodiments, the unsubstituted acyl group is a C,_,
acyl or alkanoyl group.

By “alkaryl” is meant an aryl group, as defined herein,
attached to the parent molecular group through an alkylene
group, as defined herein. Similarly, by the term “alkhet-
eroaryl” is meant a heteroaryl group, as defined herein,
attached to the parent molecular group through an alkylene
group. Other groups preceded by the prefix “alk-” are
defined in the same manner. The alkaryl group can be
substituted or unsubstituted. For example, the alkaryl group
can be substituted with one or more substitution groups, as
described herein for alkyl and/or aryl. Exemplary unsubsti-
tuted alkaryl groups are of from 7 to 16 carbons (C,_
alkaryl), as well as those having an alkylene group with 1 to
6 carbons and an aryl group with 4 to 18 carbons (i.e., C,
alk-C, ¢ aryl).

By “alkcycloalkyl” is meant a cycloalkyl group, as
defined herein, attached to the parent molecular group
through an alkylene group, as defined herein. The alkey-
cloalkyl group can be substituted or unsubstituted. For
example, the alkcycloalkyl group can be substituted with
one or more substitution groups, as described herein for
alkyl.

By “alkenyl” is meant an optionally substituted C, ,,
alkyl group having one or more double bonds. The alkenyl
group can be cyclic (e.g., C;_,, cycloalkenyl) or acyclic. The
alkenyl group can also be substituted or unsubstituted. For
example, the alkenyl group can be substituted with one or
more substitution groups, as described herein for alkyl.

By “alkheterocyclyl” represents a heterocyclyl group, as
defined herein, attached to the parent molecular group
through an alkylene group, as defined herein. Exemplary
unsubstituted alkheterocyclyl groups are of from 2 to 14
carbons.

By “alkoxy” is meant —OR, where R is an optionally
substituted alkyl group, as described herein. Exemplary
alkoxy groups include methoxy, ethoxy, butoxy, triha-
loalkoxy, such as trifluoromethoxy, etc. The alkoxy group
can be substituted or unsubstituted. For example, the alkoxy
group can be substituted with one or more substitution
groups, as described herein for alkyl. Exemplary unsubsti-
tuted alkoxy groups include C, 5, C, 4 Cy 15, C;_ 16, Ci 155
C, .50, Or C, ,, alkoxy groups.

By “alkoxyalkyl” is meant an alkyl group, as defined
herein, which is substituted with an alkoxy group, as defined
herein. Exemplary unsubstituted alkoxyalkyl groups include
between 2 to 12 carbons (C,_; , alkoxyalkyl), as well as those
having an alkyl group with 1 to 6 carbons and an alkoxy
group with 1 to 6 carbons (i.e., C, ¢ alkoxy-C, , alkyl).
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By “alkoxycarbonyl” is meant an alkoxy group, as
defined herein, that is attached to the parent molecular group
through a carbonyl group. In some embodiments, an unsub-
stituted alkoxycarbonyl group is a C,_, alkoxycarbonyl
group.

By “alkyl” and the prefix “alk” is meant a branched or
unbranched saturated hydrocarbon group of 1 to 24 carbon
atoms, such as methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, s-butyl, t-butyl, n-pentyl, isopentyl, s-pentyl, neo-
pentyl, hexyl, heptyl, octyl, nonyl, decyl, dodecyl, tetrade-
cyl, hexadecyl, eicosyl, tetracosyl, and the like. The alkyl
group can be cyclic (e.g., C;_,, cycloalkyl) or acyclic. The
alkyl group can be branched or unbranched. The alkyl group
can also be substituted or unsubstituted. For example, the
alkyl group can be substituted with one, two, three or, in the
case of alkyl groups of two carbons or more, four substitu-
ents independently selected from the group consisting of: (1)
C, ¢ alkoxy; (2) C,_¢ alkylsulfinyl; (3) C, ¢ alkylsulfonyl; (4)
amino; (5) aryl; (6) arylalkoxy; (7) aryloyl; (8) azido; (9)
cyano; (10) carboxyaldehyde; (11) C,4 cycloalkyl; (12)
halo; (13) heterocyclyl; (14) heterocyclyloxy; (15) hetero-
cyclyloyl; (16) hydroxyl; (17) N-protected amino; (18) nitro;
(19) oxo; (20) C,_4 spirocyclyl; (21) C, 4 thioalkoxy; (22)
thiol; (23) —CO,R%, where R is selected from the group
consisting of (a) hydrogen, (b) C, 4 alkyl, (¢) C,_;5 aryl, and
(d) C,.¢ alk-C,_, 4 aryl; (24) —C(O)NRPRE, where each of
R? and R€ is, independently, selected from the group con-
sisting of (a) hydrogen, (b) C, ; alkyl, (¢) C,_,; aryl, and (d)
C,.s alk-C,_,, aryl; (25) —SO,R”, where R” is selected
from the group consisting of (a) C, 4 alkyl, (b) C, 4 aryl,
and (c) C, ¢ alk-C,_ 4 aryl; (26) —SO,NRZRY, where each
of R and R” is, independently, selected from the group
consisting of (a) hydrogen, (b) C,_; alkyl, (c) C, ;5 aryl, and
(d) C,.¢ alk-C,_,, aryl; and (27) —NR“R¥, where each of
R€ and R¥ is, independently, selected from the group con-
sisting of (a) hydrogen, (b) an N-protecting group, (¢) C, ¢
alkyl, (d) C, ¢ alkenyl, () C, ¢ alkynyl, (f) C, 4 aryl, (g)
C, ¢ alk-C,_ 5 aryl, (h) C; 4 cycloalkyl, and (i) C, ¢ alk-C;
cycloalkyl, wherein in one embodiment no two groups are
bound to the nitrogen atom through a carbonyl group or a
sulfonyl group. The alkyl group can be a primary, secondary,
or tertiary alkyl group substituted with one or more sub-
stituents (e.g., one or more halo or alkoxy). In some embodi-
ments, the unsubstituted alkyl group is a C, 5, C, 4, C, 12,
Ci16 Ciiss C 05 O C, ,4 alkyl group.

By “alkylene” is meant a bivalent form of an alkyl group,
as described herein. Exemplary alkylene groups include
methylene, ethylene, propylene, butylene, etc. In some
embodiments, the alkylene group is a C, ;, C, C, 5,
Ciae Cias Cran Ciaaw Cos Coe Coin Coys Cogas
C, 505 Or C, 5, alkylene group. The alkylene group can be
branched or unbranched. The alkylene group can also be
substituted or unsubstituted. For example, the alkylene
group can be substituted with one or more substitution
groups, as described herein for alkyl.

By “alkyleneoxy” is meant an alkylene group, as defined
herein, attached to the parent molecular group through an
oxygen atom.

By “alkylsulfate” is meant an alkyl group, as defined
herein, attached to the parent molecular group through an
—O0—(S0,)— group. An exemplary alkylsulfate group is
—0—S80,-Ak, where each Ak is, independently, optionally
substituted alkyl.

By “alkylsulfiny]l” is meant an alkyl group, as defined
herein, attached to the parent molecular group through an
—S(0)— group. In some embodiments, the unsubstituted
alkylsulfinyl group is a C, 4 or C,_,, alkylsulfinyl group.
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By “alkylsulfinylalkyl” is meant an alkyl group, as
defined herein, substituted by an alkylsulfinyl group. In
some embodiments, the unsubstituted alkylsulfinylalkyl
group is a C,_;, or C,_,, alkylsulfinylalkyl group (e.g., C, ¢
alkylsulfinyl-C, ¢ alkyl or C,_,, alkylsulfinyl-C,_,, alkyl).

By “alkylsulfonyl” is meant an alkyl group, as defined
herein, attached to the parent molecular group through an
—S0O,— group. In some embodiments, the unsubstituted
alkylsulfonyl group isa C, 4 Or C, _,, alkylsulfonyl group. In
other embodiments, the alkylsulfonyl group is —SO,—R*!,
where R*! is an optionally substituted C,_,, alkyl (e.g., as
described herein, including optionally substituted C, |,
haloalkyl or perfluoroalkyl).

By “alkylsulfonylalkyl” is meant an alkyl group, as
defined herein, substituted by an alkylsulfonyl group. In
some embodiments, the unsubstituted alkylsulfonylalkyl
group is a C,_,, or C, ,, alkylsulfonylalkyl group (e.g., C, ¢
alkylsulfonyl-C, ¢ alkyl or C,_,, alkylsulfonyl-C, |, alkyl).
An exemplary alkylsulfonylalkyl group is —C—(SO,-Ak);,
where each Ak is, independently, optionally substituted
alkyl.

By “alkylsulfonylamide” is meant an amino group, as
defined herein, substituted by an alkylsulfonyl group. In
some embodiments, the unsubstituted alkylsulfonylamide
group is —NR™R?, in which each of R™ and R™ is,
independently, H, C,_,, alkyl, or C, _,, alkylsulfonyl group
(e.g., C,¢ alkylsulfonyl or C,_, alkylsulfonyl), where at
least one of R™ and R™* includes a sulfonyl group. An
exemplary alkylsulfonylamide group is —N—(SO,-Ak), or
—N(AKk)(SO,-Ak), where each Ak is, independently,
optionally substituted alkyl.

By “alkynyl” is meant an optionally substituted C, ,,
alkyl group having one or more triple bonds. The alkynyl
group can be cyclic or acyclic and is exemplified by ethynyl,
1-propynyl, and the like. The alkynyl group can also be
substituted or unsubstituted. For example, the alkynyl group
can be substituted with one or more substitution groups, as
described herein for alkyl.

By “amidino” is meant —C(NR™*)NR™R™?, where each
of RM, R™, and R™ is, independently, H, optionally sub-
stituted alkyl, or optionally substituted aryl; or where a
combination of R and R™?, taken together with the nitro-
gen atom to which each are attached, form a heterocyclyl
group, as defined herein.

By “amido” is meant —C(O)NR™R™, where each of
R™ and R?* is, independently, H, optionally substituted
alkyl, or optionally substituted aryl; or where a combination
of R™ and R™, taken together with the nitrogen atom to
which each are attached, form a heterocyclyl group, as
defined herein.

By “amino” is meant —NR™'R™?, where each of R* and
R™ is, independently, H, optionally substituted alkyl,
optionally substituted alkaryl, or optionally substituted aryl;
or where a combination of R™ and R*?, taken together with
the nitrogen atom to which each are attached, form a
heterocyclyl group, as defined herein.

By “aminoalkyl” is meant an alkyl group, as defined
herein, substituted by an amino group, as defined herein.

By “aryl” is meant a group that contains any carbon-based
aromatic group including, but not limited to, benzyl, naph-
thalene, phenyl, biphenyl, phenoxybenzene, and the like.
The term “aryl” also includes “heteroaryl,” which is defined
as a group that contains an aromatic group that has at least
one heteroatom incorporated within the ring of the aromatic
group. Examples of heteroatoms include, but are not limited
to, nitrogen, oxygen, sulfur, and phosphorus. Likewise, the
term “non-heteroaryl,” which is also included in the term






